The generalized k-connectivity κ k (G) of a graph G, introduced by Hager in 1985, is a natural generalization of the concept of connectivity κ(G), which is just for k = 2. Total graph is generalized line graph and a large graph which obtained by incidence relation between vertices and edges of original graph. T. Hamada and T. Nonaka et al., in [32] determined the connectivity of the total graph T (G) for a graph G. In this paper, we determine the generalized 3-(edge)-connectivity of some total graphs and give the bounds on the generalized 3-(edge)-connectivity for total graph.
Introduction
All graphs considered in this paper are undirected, finite and simple. We refer to the book [1] for graph theoretical notation and terminology not described here. For a graph G, we by V (G), E(G), L(G), T (G) denote the set of vertices, the set of edges, the line graph and the total graph of G, respectively. The following we state the motivations and our results of this paper.
Connectivity and edge-connectivity are two of the most basic concepts of graph-theoretic subjects, both in a combinatorial sense and an algorithmic sense.
As we know, Menger's theorem is the most important basic result and fundamental theorem of connectivity. Based on this theorem, the 'path' version of connectivity of a graph G is defined as κ(G) = min{κ G (x, y) | x, y ∈ V (G), x = y}, where κ G (x, y) is the maximum number of internally disjoint paths connecting two distinct vertices x and y in G. Similarly, the edge-connectivity of graph G is defined as λ(G) = min{λ G (x, y) | x, y ∈ V (G), x = y}, where λ G (x, y) is the maximum number of edge-disjoint paths connecting x and y.
Although there are many elegant and powerful results on these two parameters in graph theory, they also have their defects on measuring connection of a graph. So people want some generalizations of both connectivity and edge-connectivity.
The generalized connectivity of a graph G, introduced by Hager [5] , is a natural and nice generalization of the 'path' version definition of connectivity. For a graph G = (V, E) and a set S ⊆ V of at least two vertices, an S-Steiner tree or a Steiner tree connecting S (or simply, an S-tree) is a subgraph T = (V ′ , E ′ ) of G that is a tree with S ⊆ V ′ . Two Steiner trees T and T ′ connecting S are said to be internally disjoint if E(T ) ∩ E(T ′ ) = ∅ and V (T ) ∩ V (T ′ ) = S. For S ⊆ V (G) and |S| ≥ 2, the generalized local connectivity κ(S) is the maximum number of internally disjoint Steiner trees connecting S in G. Note that when |S| = 2 a minimal Steiner tree connecting S is just a path connecting the two vertices of S. For an integer k with 2 ≤ k ≤ n, generalized k-connectivity (or k-tree-connectivity) is defined as κ k (G) = min{κ(S) | S ⊆ V (G), |S| = k}. Clearly, when |S| = 2, κ 2 (G) is the connectivity κ(G) of G, that is, κ 2 (G) = κ(G). As a natural counterpart of the generalized connectivity, in [25] X.Li and Y.Mao introduced the concept of generalized edge-connectivity, which is a generalization of the 'path' version definition of edge-connectivity. For S ⊆ V (G) and |S| ≥ 2, the generalized local edge-connectivity λ(S) is the maximum number of edge-disjoint Steiner trees connecting S in G. For an integer k with 2 ≤ k ≤ n, the generalized k-edge-connectivity λ k (G) of G is then defined as λ k (G) = min{λ(S) | S ⊆ V (G) and |S| = k}. It is also clear that λ 2 (G) = λ(G). Results on the generalized edge-connectivity can be found in [16, 25] .
some graphs, such as tree, unicycle graph, complete graph and complete bipartite graph in section 3. And further we discuss the bounds on 3-generalized-(edge-)connectivity for the total graph in section 4. for k > b − a + 2 and a − b + k is odd.
Preliminary and known results
Observation 2.1 If G is a connected graph, then κ k (G) ≤ λ k (G) ≤ δ(G). Observation 2.2 If H is a spanning subgraph of G, then κ k (H) ≤ κ k (G) and λ k (H) ≤ λ k (G).
Proposition 2.3 [7] For every two integers n and k with
2 ≤ k ≤ n, κ k (K n ) = n − ⌈k/2⌉.
Proposition 2.4 [25] For every two integers n and k with
(ii) 
Proposition 2.12 [27] Let a, b be two integers with 2 ≤ a ≤ b, and K a,b denote a complete bipartite graph with a bipartition of sizes a and b, respectively. Then
3 Generalized 3-(edge)-connectivity for total graph
In this section, we determine the generalized 3-connectivity and generalized 3-edge-connectivity of some total graph T (G) such as total graphs of tree, unicycle graph, complete graph and complete bipartite graph.
CT . Now we start our investigation with tree T n with order n.
Theorem 3.1 Let T (T n ) be a total graph of tree T n with order n(≥ 2). Then the generalized 3-connectivity of T (T n ) is
Proof. Since T (T 2 ) = T (K 2 ) = C 3 , so κ 3 (T (T n )) = 1 while n = 2. Here we consider n ≥ 3. Since the minimum degree of T (T n ) is 2, by Observation 2.1, we have
, we only need to show that there exist at least two internally disjoint S-trees in T (T n ).
. By P ij denote the path connecting vertices u i and u j in T n , then we obtain one S-tree T = P ij ∪ P ik in T n . Let CT be the corresponding tree of T in L(T n ) and suppose u a , u b and u c are neighbor vertices of u i , u j and u k in T , respectively. Follow this we get another S-tree T ′ = CT ∪ u i e ia ∪ u j e jb ∪ u k e kc . Clearly, these two S-trees are internally disjoint, as desire. See Fig. 1 (a) .
Since T n and L(T n ) are both connected subgraphs of in T (T n ), there exist a S ′ -tree in T n , written as T S ′ , and a S ′′ -tree in L(T n ), written as T S ′′ . Follow this we can obtain two internally disjoint S-trees: u k e ks ∪ T S ′ and u i e ip ∪ u j e jq ∪ T S ′′ , as desire. See Fig. 1 (b) .
Similarly we obtain a S ′ -tree T S ′ in T n and a S ′′ -tree T S ′′ in L(T n ). Thus we construct two internally disjoint S-trees in T (T n ) as: u j e jq ∪ u k e ks ∪ T S ′ and u i e ip ∪ T S ′′ , as desire. See Fig. 1 
(c).
If |S∩V (T n )| = 0, assume S = {e ip , e jq , e ks } and let S ′ = {u i , u j , u k } ⊆ V (T n ), then we can obtain a S ′ -tree in T n , written as T S ′ . Follow this we can obtain one S-tree in T n is u i e ip ∪ u j e jq ∪ u k e ks ∪ T S ′ . Since S ⊂ V (L(T n )) and L(T n ) be connected, we get another S-tree T in L(T n ). Clearly, these two S-trees are internally disjoint, as desire. See Fig. 1 
(d).
Therefore, we get κ 3 (T (T n )) = 2 for n ≥ 3.
Theorem 3.2 Let T (T n ) be a total graph of tree T n with order n(≥ 2). Then the generalized 3-edge-connectivity of T (T n ) is
Proof. Since T (T 2 ) = C 3 , so λ 3 (T (T 2 )) = 1. While n ≥ 3, note that the minimum degree of T (T n ) is 2, by Observation 2.1, we get λ 3 (T (T n )) ≤ 2. On the other hand, by the Observation 2.1 and Theorem 3.1,
The following we determine the generalized 3-connectivity and the generalized 3-edge-connectivity of unicycle graph.
For the general case, if G n = C n , since the minimum degree of T (G n ) is 2 and thus by Observation 2.1 get κ 3 (T (G n )) ≤ 2. On the other hand, suppose C is unique cycle of G n and e ij is an edge of C. Now let H n = G n − e ij , clearly, H n is a spanning tree of G n and by Theorem 3.1 we have κ 3 (T (H n )) = 2. Combine this with Observation 2.2 we get
Proof. While G n = C n . Since T (C n ) is 4-regular graph, by Proposition 2.8 we get λ 3 (T (C n )) ≤ 3. At the same time, by Observation 2.1 and Theorem 3.3 we have
While G n = C n , since the minimum degree of T (G n ) is 2, by Observation 2.1 we have λ 3 (T (G n )) ≤ 2. On the other hand, by Observation 2.1 and Theorem 3.3 we have
Next we determine the generalized 3-connectivity and the generalized 3-edgeconnectivity of complete graph. Before investigation, we first list a useful Lemma.
Lemma 3.6 [27] Let K n be complete graph with order n(≥ 3). Then the generalized 3-connectivity of line graph
Lemma 3.7 [27] Let K n be complete graph with order n(≥ 3). Then the gener-
Theorem 3.8 Let T (K n ) be a total graph of complete graph K n with order n(≥ 2). Then the generalized 3-connectivity of
Proof. By Theorem 3.1 and 3.3, the result holds for cases when n = 2, 3.
Besides these S 0 -trees, add tree e ij u i u j e jk ∪ e ik u i together, we obtain at most ⌊
⌋ + 1. The following we distinguish four cases to show
⌋ + 1. Let S = {x, y, z} be a 3-subset of V (T (K n )), we only need to show that there exist at least ⌊
This means x, y, z ∈ V (K n ), assume x = u a , y = u b , z = u c with 1 ≤ a, b, c ≤ n. Firstly, path zxy together with trees T i = u i z ∪ u i x ∪ u i y for i ∈ {1, 2, · · · , n} \ {a, b, c} are n−2 internally disjoint S-trees. Secondly, paths xe ab yz, xe ac ze bc y and trees T j = xe ja e jb y ∪ e jb e jc z for j ∈ {1, 2, · · · , n} \ {a, b, c} are n − 1 internally disjoint S-trees. Total up all we get 2n − 3 > ⌊ 3(n−2) 2 ⌋ + 1 internally disjoint S-trees in T (K n ), as desire.
, then we form internally disjoint S-trees as: For every i ∈ {1, 2, · · · , n} \ {a, b} to form T i = xu i y ∪ u i e ic z and thus get n − 2 internally disjoint S-trees; For every i ∈ {1, 2, · · · , n} \ {a, b, d} to form T ′ i = xe ai e bi y ∪ e bi e id z and thus get n − 3 internally disjoint S-trees. Put all T i , T ′ i with trees yxe ad z and xe ab ye bd z together, we get 2n − 3 internally disjoint S-trees in T (K n ). If edges u a u b and u c u d are adjacent in K n , by similar procedure as the above we also get 2n − 3 internally disjoint S-trees in T (K n ). Note that 2n − 3 > ⌊ 3(n−2) 2 ⌋ + 1, so the result holds.
Now we consider the case u a u b = u c u d , it is clear that for every two integers i, j ∈ {1, 2, · · · , n} \ {a, b}, we can get three internally disjoint S-trees such as xu i e ai z ∪ u i y, xu j e bj z ∪ u j y and xe aj ze bi y and thus get at least ⌊ 3(n−2) 2 ⌋ internally disjoint S-trees. Put these trees with xyz together, we obtain at least ⌊ 3(n−2) 2 ⌋+1 internally disjoint S-trees in T (K n ), as we desire.
) and then let x = u a , y = e bc , z = e df with 1 ≤ a, b, c, d, f ≤ n. If e bc , e df and u a are nonadjacent each other in T (K n ), we can form internally disjoint S-trees as: For every i ∈ {1, 2, · · · , n} \ {a, d} to form T i = xu i e ic y ∪ u i e id z and thus get n − 2 internally disjoint S-trees; For every i ∈ {1, 2, · · · , n} \ {a, b} to form T ′ i = xe ai ∪ ze if e ai e ib y and thus get n − 2 internally disjoint S-trees. Put all these trees with tree ye ab xu d z together we get 2n − 3 > ⌊ 3(n−2) 2 ⌋ + 1 internally disjoint S-trees in T (K n ), as desire.
If e bc and e df are adjacent but nonadjacent to u a , then assume d = c. Thus we form internally disjoint S-trees as: For every i ∈ {1, 2, · · · , n} \ {a, f } to form T i = xu i e ic y ∪ e ic z and thus get n − 2 internally disjoint S-trees; For every i ∈ {1, 2, · · · , n} \ {a, b, f } to form T ′ i = xe ai ∪ ze if e ai e ib y and thus get n − 3 internally disjoint S-trees. Put all these trees with trees xu f e bf y ∪ e bf z and xe ab e af z ∪ e ab y together, we get 2n
If e bc and e df are adjacent and one of them adjacent to u a , then assume d = c and a = b. Thus trees T i = xu i e ic y ∪ e ic z for every i ∈ {1, 2, · · · , n}\{f } are n − 1 internally disjoint S-trees. Besides these, trees T ′ i = xe ai ∪ ze if e ai e ib y for every i ∈ {1, 2, · · · , n} \ {a, c} are also n − 2 internally disjoint S-trees. Altogether, we get 2n − 3 > ⌊ 3(n−2) 2 ⌋ + 1 internally disjoint S-trees in T (K n ), as desire.
If e bc , u a and e df are adjacent each other, then assume a = d = c. Trees T i = xu i e ib y ∪ u i e if z for every i ∈ {1, 2, · · · , n} \ {a, f } and T ′ i = xe ai y ∪ e ai z for every i ∈ {1, 2, · · · , n} \ {c, f } are 2n − 4 internally disjoint S-trees. In addition to these, add tree yu b xz together, we get 2n − 3 > ⌊ 3(n−2) 2 ⌋ + 1 internally disjoint S-trees in T (K n ), as desire.
It is clear S ⊆ V (L(K n )) in this case, so by Lemma 3.6 there exist at least ⌊
. Put these S-trees with tree e ab u a u c e cd ∪ u c u g e gf together we get ⌊
This complete the proof.
Theorem 3.9 Let T (K n ) be a total graph of complete graph K n with order n(≥ 2). Then the generalized 3-edge-connectivity of
Proof. Since T (K n ) is 2n−2 regular graph, by proposition 2.8 λ 3 (T (K n )) ≤ 2n−3. Next we by constructing 2n − 3 edge disjoint S-trees in T (K n ) for any 3-subset
Recall of the proof of Theorem 3.8, except case |S ∩ V (K n )| = 0 and case |S ∩ V (K n )| = 2 for S = {u a , u b , e cd } with u a u b = u c u d , there always exist at least 2n − 3 internally disjoint S-trees in T (K n ), which are also edge disjoint S-trees in T (K n ). Thus here we only need to consider the above two exception cases and show there still exist at least 2n − 3 edge disjoint S-trees in T (K n ).
If |S ∩ V (K n )| = 0, assume S = {e ab , e cd , e gf } ⊂ V (L(K n )), by Lemma 3.7 there exist at least 2n − 5 edge disjoint S-trees in L(K n ), in addition these trees, add two edge disjoint S-trees e ab u a u c e cd ∪ u c u g e gf and e ab u b u d e cd ∪ u d u f e gf together, we obtain at least 2n − 3 edge disjoint S-trees in T (K n ), as desire.
If |S ∩ V (K n )| = 2 for S = {u a , u b , e cd } with u a u b = u c u d , this means S = {u a , u b , e ab }, then we form S-trees T 1 i = xu i e bi z ∪ e bi y and T 2 i = xe ai u i y ∪ e ai z for every i ∈ [n] \ {a, b} and thus get 2n − 4 edge disjoint S-trees. Add tree xzy together with all T 1 i and T 2 i we get 2n − 3 edge disjoint S-trees in T (K n ), as desire.
Thus we get λ 3 (T (K n )) ≥ 2n − 3. This complete the proof.
At end of this section, we determine the generalized 3-connectivity and the generalized 3-edge-connectivity of the total graph of the complete bipartite graph. We start with definition and Lemmas.
The Cartesian product G 1 × G 2 of G 1 and G 2 is a graph which has vertex set V (G 1 ) × V (G 2 ) with two vertices x = (u, u ′ ) and y = (v, v ′ ) adjacent iff for
It is clear that line graph L(K m,n ) of complete bipartite graph K m,n is the Cartesian product of K m and K n and the generalized 3-connectivity of L(K m,n ) has been determined in our another paper, which listed as follow.
Theorem 3.11 Let T (K m,n ) be a total graph of complete bipartite graph K m,n with 1 ≤ m ≤ n. Then the generalized 3-connectivity of T (K m,n ) is
Proof.
. Clearly, by Theorem 3.1, the results hold for case m = 1. The following we consider cases for n ≥ m ≥ 2.
Since T (K m,m ) is 2m regular, by proposition 2.7 we get κ 3 (T (K m,m )) ≤ 2m − 1. The following we prove κ 3 (T (K m,m )) ≥ 2m − 1. In fact, for any 3-subset S = {x, y, z} of V (T (K m,m ) ), here we only need to show that there exist at least 2m − 1 internally disjoint S-trees in T (K m,m ) . Fig 2 (a) ), we can form 2m(> 2m − 1) internally disjoint S-trees such as: Fig 2 (b) ), we form 2m − 1 internally disjoint S-trees as follow: xzy, xe m1 e 11 e 12 y ∪ e m1 z, xu 1 ye m2 z and xu i y ∪ u i v i+1 z, xe i1 e i2 e i(i+1) e m(i+1) z ∪ e i2 y for 2 ≤ i ≤ m − 1. All as we desire.
(a) (b) Here we need discuss five possible cases. If x, y, z are nonadjacent each other in T (K m,m ), assume x = v 1 , y = v 2 , z = e mm (m = 1, 2) (see Fig 3 (a) ). Then 2m−1 internally disjoint S-trees be formed as follows: xu m z ∪u m y, xu 1 v m z ∪u 1 y, xe m1 e m2 z ∪ e m2 y, xe 11 e 12 e 1m z ∪ e 12 y and xu i e im z ∪ u i y for 2 ≤ i ≤ m − 1, xe i1 e i2 e i(i+1) e m(i+1) z ∪ e i2 y for 2 ≤ i ≤ m − 2.
If x is nonadjacent to y, z but y and z are adjacent in T (K m,m ), assume x = v 1 , y = v 2 , z = e 22 (see Fig 3 (b) ). Then 2m − 1 internally disjoint S-trees are formed as: xu 2 z∪u 2 y, xu 1 yz, xe 11 e 12 z∪e 12 y and xu i v i e 2i z∪u i y, xe i1 e i2 z∪e i2 y for 3 ≤ i ≤ m.
If z is nonadjacent to x, y but x and y are adjacent in T (K m,m ), assume x = v 1 , y = u 1 , z = e mm (see Fig 3 (c) ). Then 2m−1 internally disjoint S-trees be formed as: xyv m z, ye 11 xu m z, xe m1 ze 1m y and yv i u i x∪u i e im z, xe i1 e ii e 1i y∪e 1i e mi z for 2 ≤ i ≤ m − 1. If x and z are both adjacent to y but x and z are nonadjacent in T (K m,m ), assume x = v 1 , y = u 1 , z = e 1m (see Fig 3 (d) ). Then 2m − 1 internally disjoint S-trees be formed as: xyz, xe 11 y ∪ e 11 z, xu m v m z ∪ u m y and xu i v i y ∪ u i e im z, xe i1 e ii e 1i y ∪ e ii z for 2 ≤ i ≤ m − 1.
If x, y, z are adjacent each other in T (K m,m ), assume x = v 1 , y = u 1 , z = e 11 (see Fig 3 (e) ). Then xzy, xe 1m z ∪ e 1m e mm u m y, ye m1 z ∪ e m1 e m2 v 2 x and xe 1i z ∪ e 1i e ii u i y, ye i1 e i(i+1) v i+1 x ∪ e i1 z for 2 ≤ i ≤ m − 1 are 2m − 1 internally disjoint S-trees in T (K m,m ). Similarly, we also need discuss five possible cases while |S ∩ V (K m,m )| = 1. If x, y, z are nonadjacent each other in T (K m,m ), assume x = v 1 , y = e 22 , z = e mm (see Fig 4 (a) ). Then 2m−1 internally disjoint S-trees be formed as: xu 2 v m z∪u 2 y, xu m v 2 y ∪ u m z, xu 1 e 12 y ∪ e 12 e 1m z, xe 21 ye 2m z, xe m1 ze m2 y and xu i v i e mi z ∪ v i e 2i y, xe i1 e ii e im z ∪ e ii e i2 y for 3 ≤ i ≤ m − 1.
If y, z are adjacent but they are nonadjacent to x in T (K m,m ), assume x = v 1 , y = e 22 , z = e m2 (see Fig 4 (b) ). Then 2m − 1 internally disjoint S-trees be constructed as: xu 1 v 2 z∪v 2 y, xe 11 e 12 z∪e 12 y, xu 2 v m u m z∪u 2 y, xe 21 y∪e 21 e 2m e mm z, xe m1 zy and xu i e i2 y ∪ e i2 z, xe i1 e ii e 2i y ∪ e ii e mi z for 3 ≤ i ≤ m − 1. If x, y are adjacent but they are nonadjacent to z in T (K m,m ), assume x = v 1 , y = e 21 , z = e mm (see Fig 4 (c) ). Then 2m − 1 internally disjoint S-trees be constructed as: yxu m z, xu 2 v m z ∪ u 2 y, xe m1 ze 2m y, xu 1 v 2 e 22 y ∪ e 22 e m2 z, xe 11 y ∪ e 11 e 1m z and xu i v i e 2i y ∪ v i e mi z, xe i1 y ∪ e i1 e im z for 3 ≤ i ≤ m − 1. If x and z are both adjacent to y but x and z are nonadjacent in T (K m,m ), assume x = v 1 , y = e 21 , z = e 22 (see Fig 4 (d) ). Then 2m − 1 internally disjoint S-trees be constructed as: xyz, xu 2 y ∪ u 2 z, xe 11 u 1 v 2 z ∪ e 11 y and xu i v i e 2i y ∪ e 2i z, xe i1 y ∪ e i1 e i2 z for 3 ≤ i ≤ m.
If x, y, z are adjacent each other in T (K m,m ), assume x = v 1 , y = e 11 , z = e 21 (see Fig 4 (e) ). Then 2m − 1 internally disjoint S-trees be constructed as: yxz, xu 1 y ∪ u 1 v 2 u 2 z, zye 12 e 22 u 2 x and xu i v i e 2i z ∪ v i e 1i y, xe i1 y ∪ e i1 z for 3 ≤ i ≤ m. 
, without loss generality, suppose S = {e pq , e rs , e tk }, then by Lemma 3.10 there always exist 2m − 3 internally disjoint S-trees in L(K m,m ), named as T i (1 ≤ i ≤ 2m − 3). Now we add two S-trees e pq u p v j u t e tk ∪ v j u r e rs and e pq v q u j v k e tk ∪ u j v s e rs to all T i , here j = p, q, r, s, t, k. In total, we get 2m − 1 internally disjoint S-trees in T (K m,m ), as desire.
Case 2. m < n
Since the minimum degree of T (K m,n ) is 2m, by Observation 2.1 we get κ 3 (T (K m,n )) ≤ 2m. Let S = {x, y, z} be a 3-subset of V (T (K m,n )), now we by forming 2m internally disjoint S-trees in T (K m,n ) to prove κ 3 (T (K m,n )) ≥ 2m.
Clearly, either |S ∩V | = 3 or |S ∩V | = 2 and |S ∩U | = 1. If |S ∩V | = 3, by the proof of Subcase 1.1, there exist 2m internally disjoint S-trees in T (K m,n ). Here we consider the case for |S∩V | = 2 and |S∩U | = 1, assume x = v 1 , y = v 2 , z = u m (see Fig 2 (b) ),we can form 2m internally disjoint S-trees as: xzy, xe m1 ze m2 y and xu i y ∪ u i v i+2 z, xe i1 e i2 e i(i+2) e m(i+2) z ∪ e i2 y for 1 ≤ i ≤ m − 1. As desire. Here we need discuss five possible cases. If x, y, z are nonadjacent each other in T (K m,n ), assume x = v 1 , y = v 2 , z = e mm (see Fig 3 (a) ). Then we form 2m xu 1 y∪u 1 e 12 e 22 z, xe 21 z∪e 21 y, xu 2 e 2(m+1) z∪e 2(m+1) e 1(m+1) y and xu i v i e 2i z∪v i e 1i y, xe i1 y ∪ e i1 z for 3 ≤ i ≤ m. K m,n ) ), assume S = {e pq , e rs , e tk }, then by Lemma 3.10 there exist m+n−3 internally disjoint S-trees in L(K m,n ), named as T i (1 ≤ i ≤ m + n − 3). Now we add two S-trees e pq u p v j u t e tk ∪ v j u r e rs and e pq v q u j v k e tk ∪u j v s e rs to all T i , here j = p, q, r, s, t, k. Thus we get m+n−1(≥ 2m) internally disjoint S-trees in T (K m,n ), as desire.
By now we complete the proof.
Note that the fact T (K m,n ) is 2m -regular graph while m = n and its minimum degree is 2m while m < n. Combine this with Observation 2.1 and Theorem 3.11, we immediately get Theorem 3.12. 
Bound for generalized 3-connectivity of total graph
In this section we give some bounds for the generalized 3-connectivity of total graph T (G). 
